In this study, hematological and biochemical investigations were carried out on Cyprinus carpio, Leuciscus cephalus, Capoeta trutta ve Capoeta capoeta umbla fish species living in Sultansuyu Dam Lake (Malatya). The physical, chemical and microbiological features of the reservoir were specified and heavy metal analyses were also conducted. As a result of hematological investigation, a statistical increase of P<0.05 in total leukocyte count, and a decrease of P<0.05 in erytrocyte, hemoglobin and hematocrit values were observed. With respect to microbiological analysis, the presence of Enterococcus shows the drainage of domestic wastes into the reservoir. With water analyses, it was found out that the water quality was second rate and the sulphur content in the water was above standard levels. The existence of large amount of sulphur was presumed to be the result of apricot processing. Significant heavy metal pollution was not observed. 
Introduction
Every year, the increase of human population and the accompanying with the growth of industrialization results in the increase of pollution in aquatic ecosystems (Caussy et al., 2003) . Water pollution is caused by industrial waste materials (petroleum, dyes, detergents, heavy metals, sewage), agricultural insecticides and surplus fertilizers, natural and domestic wastes, and lead, mercury and sewage that are released into water. As it influences aquatic life forms directly, the pollution also reaches humans through the food chain.
Hematological and biochemical parameters are being used as indicators in the measurement of health conditions and toxicological symptoms of organisms (Thrall, 2004; Pimpao, 2007; Venkateswara Rao, 2006) . While providing information about the health status of organisms, these parameters may also indicate abnormal environmental conditions (Elahee and Bhagwant, 2007) .
Information about the existence, status and degree of possible sickness in organisms can be rapidly obtained by hematological and biochemical
Şevket Kandemir 1,
clinical tests (Blaxhall and Daisley, 1973) . Moreover, the degree of adverse effects on organisms can be found out by various clinical tests, such as enzyme, hormone, histopathology, microbiology etc. tests (Cazenave et al., 2005; Van der Oost et al., 2003) .
In order to interpret the hematological and biochemical analyses on fish which rapidly respond to environmental conditions; blood sampling and laboratory techniques (Hardig and Höglung, 1984) , seasonal changes (Andersen et al., 1985; Cech et al., 1982; Hardig and Höglung, 1984) , size and ontogenesis, genetic features (Murray, 1984) , sex and population density (Atkinson and Juddy, 1978; Murray, 1984) , geographical distribution (Blaxhal and Daisley, 1973; Bridges, 1984) , habitat, starvation, stress, pH, water and transportation (Wilhem Filho et al., 1992) should also be taken into consideration.
The aim of this study is to investigate the reasons of the mass mortality of economically valuable fish in Sultansuyu Reservoir (Malatya) in terms of hematology, biochemistry, microbiology and limnology.
Material and Methods
The economically valuable fish in Sultansuyu Dam Lake, namely, Cyprinus carpio, Leuciscus cephalus, Capoeta trutta and Capoeta capoeta umbla were studied. Hematological and biochemical analyses of the fish samples obtained from Sultansuyu Dam Lake between June 2007 and September 2007 were conducted; and water quality criteria, inorganic pollution parameters and microbiological analyses of the water were determined for the same period. Sultansuyu Dam Lake, which has been dammed up for irrigation purposes, is located 28 km west of Malatya at an elevation of 930 m. It has a wall elevation of 60 m and an average capacity of 53.3 hm 3 . It has been actively in service since 1994 as the irrigation unit for Kuzova (Figure 1) .
Determination of the Hematological and Biochemical Parameters
Blood samples (approximately 2 ml) were drawn from the caudal vein of each fish. Blood samples were stored in glass tubes containing anticoagulant (EDTA) stored in cooled bags and blood analyses were carried out immediately after sampling. The blood was centrifuged at 3,000 g, at 4°C for 5 minutes. Serum biochemical parameters metabolites; glucose, creatinin, urea nitrogen, Triglyceride, total cholesterol as mg dl -1 and total protein as g dl -1
; Serum biochemical parameters enzymes; Alanine transaminase/serum glutamate pyruvate transaminase (ALT/GPT), Aspartat Amino-transferase (AST/GOT), Laktat Dehydrogenase (LDH), alkaline phosphatase (ALP), Amilase (AML), gamma glutamil transferase (GGT) as IU L -1 . Serum biochemical parameters electrolytes; Chloride, sodium, potassium, total calcium and phosphatase mmol L -1 in blood plasma were assayed by Olympus AU 600 autoanalyser (Olympus Optical Corp, Shizuoka-ken, Japan), using commercially available kits (Roche).
Blood samples were stored in glass tubes containing anticoagulant (EDTA) and analyses were carried out immediately after sampling. The determination of eryhtrocytes and thrombocytes (per mm 3 ) in a blood sample was carried out by pipetting and diluting (1/200) the samples in Hayem solution. One drop of hemolysed blood was transferred onto Thoma lamella and examined under the light 
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TURKEY microscope (Soif, XZS-107B model) with a magnification of 400X. Leucocyte count was performed by transferring blood samples (diluted in Turck solution) with a leucocyte pipette onto counting lamella and examined as for erythrocytes (Blaxhall and Daisley, 1973) . The amount of hemoglobin was determined according to the cyan-methemoglobin procedure (Kit 525-A, Sigma Chemical Co.). Nonclotted blood (20 μ) was diluted with 1 ml Drabkin solition and left to stand for 10 min at room temperature. The absorbance of the mixture was read at 540 nm and the amount of hemoglobin was calculated according to hemoglobin Standard (Kampen and Zijlstra, 1961) . The microhematocrit method was utilized in hematocrit determination (Blaxhall and Daisley, 1973) . Non-clotted blood was pipetted with a 85 microhematocrit pipette, centrifuged at 3000 g for 5 minutes and the ratio of blood components in plasma was determined. Organic Parameters : Chemical oxygen demand (COD; 5220-D Closed Reflux, Colorimetric Method) measurements were done by using Spectro UV-VIS RS (USA) spectrophotometer. Biochemical oxygen demand for five days (BOD 5 ; WTW OxiTopGermany); total organic carbon (TOC) and total nitrogen (TN; Shimadzu TOC-V CPN total organic carbon analyzer) were also measured.
Physical, Chemical and Microbiological

Inorganic Industrial Pollution Parameters :
Mercury, cadmium, lead, arsenic, copper, chrome (total), chrome (6+), cobalt, nickel, zinc, sulfide, iron, manganese, boron, selenium, barium and aluminum element analyses were done by using Perkin Elmer Optima 2100 DV ICP OES-USA. Table 4 . In the period when high mortality rate was observed for all of the species (June 2007), a statistically significant increase was recorded for serum metabolites glucose, total protein, creatine and urea; and for the activities of the serum enzymes AST, ALT, LDH and AML; whereas a statistically significant decrease was observed for the amount of serum electrolyte serum potassium P<0.05.
In our study, the erythrocyte, hemoglobin and hematocrit values of the samples obtained in June 2007 were significantly less than the values in September (P<0.05). Total leukocyte count has increased in all of the species during the periods when high mortality rates were observed P<0.05. It was found out that the significant increase of the MCV value in Leuciscus cephalus, has turned into a micrositer anemia (Table 5) .
Discussion
The study of the adverse effects of environmental pollution on fish species in terms of hematology and biochemistry contributes new and important information both to the literature and to efforts in studying animal health. Clinical tests such as these may provide useful data both for the determination of the reasons of possible mass mortality of animals and in the development of educational programs for environmental preservation.
Over the past years, various studies were conducted on the subject of environmental health. Especially in these studies the factors resulted in environmental pollution were focused on the fish which constitutes the important ring of our food chain. In general, these studies were conducted in relation to pesticides, heavy metals and industrial pollution, which are observed more frequently in environmental pollution.
Enterococcus is usually found in human feces in lesser numbers than E. coli and it cannot multiply in water as well. However, Enterococcus, which can maintain its vitality in water for longer periods than coli forms, are used as an indicator of fecal (Asztalos et al., 1991) .
When the hematological and biochemical effects of the heavy metal pollution in Blue Bay and bain des Dames regions of Iceland on fish species were investigated, the erythrocyte, hemoglobin and hematocrite values of the fish living in regions with heavy metal pollution were reported to have a statistically significant decrease (Elahee and Bhagwat, 2007) . It was also reported that xenobiotics, which are among the environmental pollutants, change the hematological tables of fish at an abnormal level (Jee et al., 2005; Chandrasekara and Pathiratne, 2007) ; that a deformation is observed in the erythron series of organisms living in regions with heavy metal pollution (Houston, 1997) ; and that water quality criteria affect the multiplication levels of fish, depending on seasonal change (Rios et al., 2002) .
Especially in the aquatic media with anoxia and hypoxia, mass fish mortality is observed. In order to find out the reason in a timely manner, hematological and biochemical tests need to be used (Nikinmaa, 1992; Perry et al., 1996) . Several researchers have already figured out how pesticides and heavy metals change the hematological and biochemical profiles of fish. It has been pointed out that pesticides which are frequently used in agriculture, such as Cypermetrin, Permetrin, Deltametrin, and Fenvalerat, change the serum biochemical parameters (metabolite, enzyme and electrolyte) of fish (Velisek et al., 2007; El-Sayed et al., 2007; Guz, 1998; Borges et al., 2007; Dobsikova et al., 2006) . Pesticides cause hyperglisemi and hypoproteinemi in blood. Moreover, pesticides have been reported to cause irregular surface swimming patterns, paralysis, submersion; as well as affecting vitality percentage and increasing mucus ejection in gills (Bradbury and Coast, 1989) .
The determination of serum AST and ALT, LDH enzyme activities is being used as a stress factor in fish (El-Sayed et al., 2007) . It has been reported that with the pollution of aquatic media with metals, pesticides and domestic waste, lead to an increase in the serum AST, ALT and LDH enzyme activities of fish (Borges et al., 2007; Velisek et al., 2007; Houston, 1997) .
In conclusion, the reasons of the sudden mass fish mortality in Sultansuyu Dam Lake were investigated in this study; and the hematological and biochemical changes in the fish as an indicator of the possible stress were determined. The physical, organic, inorganic and microbiological changes in the water were also found out. It can be said that the reasons for mortality of fish are; high Cooper concentration, organic pollution (Amonium, Suphate) and also low ogygen concentration in Sultansuyu Dam Lake.
When the water quality criteria was examinad, it was seen that the ratio of N group composite, water temperature,copper and nickel were high.Besides these, it can be considered that the massive mortality of the fish was caused by the decrease of soluted oxygen concentration.It can also be thought that the increase in nitrat group was caused by domestic waste and the increase in copper by pesticides in the water.Furthermore,nickel increased the electric conductivitiy in the water.So, all these factors can be supposed to increase the massive fish mortality between September and June.
